Two separate GC-MS based methods were employed for untargeted metabolite profiling of six 2 3 8 nectar samples from independent male and female flowers of C. pepo. The first of these provided data on the predominant sugars that constitute the nectar (i.e. sucrose, glucose, and fructose). Specifically, 1 µL of nectar was spiked with 10 µg ribitol as an internal standard, and the mixture 2 4 1 was dried overnight by lyophilization. The sample underwent methoximation at 30 °C for 90 min 2 4 2 11 while continuously shaking with 20 mg mL -1 methoxyamine hydrochloride dissolved in pyridine.
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The methoximated sample was silylated for 30 min at 60 °C with BSTFA/ 1% TCMS. Following 2 4 4 dilution with 1.5 mL pyridine, 1-µL of sample was analyzed by GC-MS. Less abundant constituents of the nectar were extracted from a 5-µL aliquot of nectar sample 2 4 7 that was spiked with 0.5 µg nonadecanoic acid and 1 µg ribitol as internal standards. Hot 2 4 8 methanol (2.5 mL) was immediately added to the nectar, and the mixture was incubated at 60 °C 2 4 9 for 10 min. Following sonication for 10 min at 4 °C, chloroform (2.5 mL) and water (1.5mL) 2 5 0 were sequentially added, and the mixture was vortexed. Centrifugation separated the polar and 2 5 1 non-polar fractions, and the entire non-polar fraction and half of the polar fraction was recovered 2 5 2 to separate 2 mL screw-cap glass vials and dried overnight by lyophilization. The polar fraction 2 5 3 underwent methoximation as previously described, and both polar and non-polar fraction were 2 5 4 silylated for 30 min at 60 °C with BSTFA/ 1% TCMS. The derivatized metabolites (the sugars, polar, and non-polar fractions) were analyzed using an 2 5 7 Agilent Technologies Model 7890A GC system equipped with an HP-5ms (30 m, 0.25 mm, 0.25 2 5 8 µm) GC column that was coupled to an Agilent Technologies 7683B series injector and Agilent 2 5 9
Technologies Model 5975C inert XL MSD with Triple-Axis Detector mass spectrometer. Chromatography parameters for the polar and non-polar fractions were set to a helium gas flow 2 6 1 rate of 1 mL min -1 , 2 µL injection, with a temperature gradient of 80 °C to 320 °C increasing at a 2 6 2 rate of 5 °C min -1 , followed by a 9 min hold at 320 °C. The polar fractions were analyzed using 2 6 3 a "heart-cut" method (Boeker et al., 2013) which diverted gas flow to an FID detector during 2 6 4 elution times for fructose, glucose, and sucrose. GC parameters for predominant sugar metabolites were set to a helium gas flow rate of 1 mL 2 6 7 min -1 , 1 µL injection with a 10:1 split, and a temperature gradient of 100 °C to 180 °C increasing 2 6 8 at a rate of 15 °C min -1 , then 5 °C min -1 to 305 °C, then 15 °C min -1 to 320 °C, followed by a 5 2 6 9 min hold at 320 °C. Deconvolution and integration of resulting spectra was performed with 2 7 0 AMDIS (Automated Mass Spectral Deconvolution and Identification System) software. Analyte 2 7 1 peaks were identified by comparing mass spectra and retention indices to the NIST14 Mass 2 7 2 Spectral Library and authentic standards when possible to confirm identification. To understand the nexus of genes and processes that are activated in C. pepo nectaries 2 7 7 throughout maturation, we decided to take a transcriptomic strategy. This approach was 2 7 8 previously used with Arabidopsis nectaries (Kram et al., 2009 ) and led to the identification of et al., 2010; Bender et al., 2012; Bender et al., 2013; Lin et al., 2014 The developmental stages chosen for analyses centered around anthesis, which is when pollen is progress through key visual cues. The 'pre-secretory stage 1' occurs 24 hours before anthesis, 2 9 6 and was recognized by the fact that buds are still closed but have a yellow coloration at the tips 2 9 7 of the fused corolla; this stage is designated as the '-24 hr' time-point ( Figure 1A ). We noted that 2 9 8 nine hours later the yellow color intensifies and the tip of the corolla is slightly unfurled and we 2 9 9 designated this as 'pre-secretory stage 2' or the '-15 hr' time-point (~12 hours before dawn). Open flowers actively producing nectar (~3 hours after dawn) were termed 'secretory stage' or +9 hr flowers. Replicate RNAs were isolated from the nectaries (e.g. Figure 1B ) at each of these 3 0 5 time-points and subjected to Illumina-based RNA-seq analyses. and male flowers to reveal nectaries. Scale bar equals 5 mm. Col-0 genomes. The rationale for mapping contigs to melon is that it is a close relative to squash 3 1 6 with a fully sequenced genome; similarly, contigs were mapped to Arabidopsis because it has a 3 1 7 very well annotated genome and has served as the genetic model for plant biology, including the mapped to 8,863 unique C. melo genes ( Supplemental Table 1 ), which were subsequently used 3 2 0 for all downstream analyses of differential expression. Differentially expressed genes between nectary stages were defined as having a statistically 3 2 3 significant and mean two-fold difference in expression. The lists of differentially expressed 3 2 4 genes between stages in female and male nectaries are available in Supplemental File 2, 3 2 5 respectively. We additionally performed a separate differential expression analysis where reads 3 2 6 from both female and male nectaries were grouped together by developmental stage 3 2 7 (Supplemental File 2). These analyses revealed genes that are upregulated at specific stages of 3 2 8 maturation, as well as ones that were commonly expressed at all time-points in both male and when all reads for a given stage were analyzed as a group for fold-change and statistically 3 3 5 significant differences in expression ( Figure 2D ; n = 6 for -24, 0 and +9 hr, n = 5 for -15 hr). The at a specific developmental stage (i.e., at the -24 hr, -15 hr, 0 hr or +9 hr time-points), whereas +9 hr time-points; similarly, there were 209 genes that were more highly expressed at the -24, - showing a >2-fold change in expression in any pair-wise or multi-stage comparison (p<0.05).
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The number of genes that fail this test (commonly expressed at all time-points) are identified in nectaries from a particular stage are analyzed together as a single unit. The differential expression identified through the RNA-seq analyses was subsequently validated PCR validation primarily included those predicted to be involved in carbohydrate metabolism Conversely, a gene associated with starch breakdown, β-amylase 1 (BAM1), displayed low of select differentially expressed genes in male nectaries identified through RNA-seq analyses. The fold-change in each stage was determined relative to 0 hr [the secretory stage (anthesis) was Interestingly, male nectaries displayed no significant enrichment of genes related to specific GO 3 9 7 terms at either the -24 or -15 hr time-points, which could be due to the relatively few number of 3 9 8 genes being upregulated specifically at either stage as compared to female nectaries ( Figure 2 ). As such, we analyzed genes commonly upregulated at the -24 and -15 hr time-points over 0 and The role of starch and sugar metabolism is well characterized in nectar production (Nepi et al., The last two steps of nectar secretion in the current model are sucrose export via SWEET9 and intimately tied to regulating carbohydrate metabolism in Nicotiana and Arabidopsis nectaries 4 5 7 (Liu et al., 2009; Liu and Thornburg, 2012; Wang et al., 2014; Schmitt et al., 2018) ; it displayed ( Figure 5A and B) . This starch was largely absent in secretory nectaries (0 hr) and remained low 4 7 5 at +9 hr ( Figure 5A and B) . Consistent with a degradative mechanism, the observed decrease in Figure 5D ). Nectars not only contains sugars, but also have many solutes with biologically important roles 4 9 3 (Irwin et al., 2004; Nicolson and Thornburg, 2007; Elliott et al., 2008; Irwin and Adler, 2008; 4 9 4 Adler and Irwin, 2012; Richardson et al., 2015) . Nectar from both female and male flowers were 4 9 5 characterized via a non-targeted metabolomic strategy (results shown in Supplemental Table 2 ).
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Not surprisingly, sucrose (~2.1M), glucose (~0.3M), and fructose (~0.3M) were the primary 4 9 7 metabolites observed in both male and female nectars, with a sucrose-to-hexose ratio of ~4:1 in Table 2 ). Additional at the secretory stage (0 hr time-point) (Supplemental Figure 1) , which could account for the 5 1 6 observed differences in GABA levels between male and female nectar. This study represents the first report of global gene expression profile of cucurbit nectaries.
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While Arabidopsis and Nicotiana spp. have been extensively studied as genetic models for nectar 5 2 6
production (Carter et al., 1999; Carter and Thornburg, 2000, 2003; Thornburg et al., 2003; Carter 5 2 7 and Thornburg, 2004; Carter and Thornburg, 2004, 2004; Naqvi et al., 2005; Carter et al., 2006; 5 2 8 Carter et al., 2007; Horner et al., 2007; Ren et al., 2007; Ren et al., 2007; Kram and Carter, 2009; 5 2 9 Kram et al., 2009; Liu et al., 2009; Hampton et al., 2010; Ruhlmann et al., 2010; Bender et al., 5 3 0 2012; Liu and Thornburg, 2012; Bender et al., 2013; Lin et al., 2014; Stitz et al., 2014; Wiesen et 5 3 1 al., 2016; Roy et al., 2017; Thomas et al., 2017) , an expansion of molecular biology approaches 5 3 2 into other systems with larger nectaries (Figure 1 ) that produce copious amounts of nectar will 5 3 3 aid our understanding of nectary biology, particularly with regard to quantitative biochemical, 5 3 4 physiological and comparative studies. Our study has revealed a plethora of squash genes and 5 3 5 metabolic processes that are temporally regulated as the nectary progresses from pre-secretion to 5 3 6 secretion to post-secretion stages of development. Squash nectary RNAseq reads mapped to 8,863 unique C. melo genes, which is consistent with 5 3 9 the number of genes identified as being expressed in Arabidopsis nectaries (9,066) and sucrose export from the cell. Thus, CpCWINV4 probably does not play the same role in squash as
AtCWINV4 does in Arabidopsis (i.e. in generating a concentration gradient to drive sugar 5 7 1 export); however, since squash nectar contains ~20% hexoses, its activity likely is important in 5 7 2 dictating final nectar quality. It should also be noted that in sunflower a reduction in nectary 5 7 3 CWINV expression led to an increase in nectar sucrose (Prasifka et al., 2018) . transporter; CWINV4 = cell wall invertase (C) Approximate timing of processes involved in 5 8 0 nectar production based on data from this study and previously published reports. transporter; CWINV4 = cell wall invertase (C) Approximate timing of processes involved in 6 9 3 nectar production based on data from this study and previously published reports. express higher levels of a putative GABA transporter (B) than male nectaries. 
